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(a)	

	

	
(b)	

	

	
(c)	

	
Figure	 1.	 Chemical	 structures	 of	 olmesartanmedoxomil	 (OLM)	 (a),	 hydro
chlorothiazide	(HCT)	(b),	and	diphenhydramine	(IS)	(c).	

	
These	 scan	mode	allow	us	 to	use	our	method	as	 stability	

indicating	 method.	 To	 our	 knowledge,	 there	 are	 no	 UPLC‐
MS/MS	 reported	methods	 for	 simultaneous	 determination	 of	
both	 drugs	 in	 pharmaceutical	 preparations	 and/or	 kinetic	
forced	 degradation	 studies.	 Because	 of	 these	 two	 points,	 we	
tried	 to	 develop	 this	 novel	 UPLC‐MS/MS	method	 of	 analysis	
and	validate	the	method	according	to	ICH	guidelines	[22].	
	
2.	Experimental	
	
2.1.	Materials	
	

OLM	 (99.58%)	 and	HCT	 (100.03%)	were	 kindly	 supplied	
by	 the	 National	 Organization	 for	 Drug	 Control	 and	 Research	
(NODCAR)	 (Cairo,	 Egypt).	 Pharmaceutical	 dosage	 forms;	
Erastapex	plus	tablets	(Multi‐Apex	Pharma,	Egypt)	containing	
20	mg	OLM	in	combination	with	12.5	mg	HCT	per	tablet	were	
obtained	from	local	market.		
	
2.2.	Chemicals	and	reagents	
	

All	 chemicals	 used	were	 of	 analytical	 grade	 and	 solvents	
were	of	HPLC	grade.	Diphenhydramine	 (IS),	methanol,	 aceto‐
nitrile	 and	 formic	 acid	 were	 purchased	 from	 Sigma‐Aldrich,	
Germany.	 Sodium	 hydroxide,	 hydrochloric	 acid	 (32%,	 v:v)	
were	purchased	from	El‐Nasr	Company,	Egypt.	Pure	deionized	
water	was	obtained	by	ElgaLabwater,	Prima	7	(UK).	
	
2.3.	Instrumentations	
	

The	 analysis	 was	 achieved	 using	 a	 TSQ	 Quantum	 Access	
MAX	 triple	 stage	 quadrupole	 mass	 spectrometer,	 Thermo	
Scientific,	 New	 York,	 USA,	 equipped	 with	 an	 electrospray	
ionization	 (ESI)	source.	The	control	of	 the	LC‐MS/MS	system,	
acquisition	and	analysis	of	 the	data	were	performed	utilizing	
Xcalibur	software	version	2.2.	Chromatography	was	carried	on	
Accela	 U‐HPLC	 system	 which	 was	 composed	 of	 Accela	 1250	

quaternary	 pump	 and	 Accela	 open	 autosampler,	 New	 York,	
USA	(operated	at	25	°C).	
	
2.4.	Chromatographic	and	mass	spectrometric	conditions	
	

Chromatographic	 separation	 was	 accomplished	 on	
HypersilGold	 column	 (C18‐bonded	 ultrapure	 silica	 based	
column)	50×2.1	mm	 (1.9	µm).	Gradient	 elution	was	achieved	
using	 the	binary	mobile	phase	consisting	of	0.1%	formic	acid	
aqueous	solution	(A)	and	acetonitrile	(B)	using	a	 flow	rate	of	
250	µL/min,	where	elution	was	performed	at	 room	tempera‐
ture.	A	gradient	program	was	conducted	as	follows:	20	%	B	at	
zero	 time	 then	 ramped	 to	 90%	 B	 from	 0.0‐1.5	 min,	 hold	 at	
90%	B	till	3	min,	back	to	20%	B	from	3.0‐5.0	min.	The	injection	
volume	was	5	µL	and	the	total	run	time	for	each	sample	was	5	
min.	 The	 mass	 spectrometric	 detection	 method	 was	 carried	
out	in	the	positive‐ion	mode	for	OLM	and	IS	but	negative	mode	
for	 HCT	 utilizing	 electrospray	 ionization	 (ESI)	 and	 selected	
reaction	 monitoring	 mode.	 The	 optimized	 parameters	 are:	
auxiliary	gas	of	5	psi,	sheath	gas	of	25	psi,	capillary	tempera‐
ture	of	270	°C,	turbo	ion	spray	temperature	of	400	°C	and	ion	
spray	 voltage	 of	 3600	V.	 The	 quadrupole	mass	 spectrometer	
was	 operated	 at	 the	 SRM	mode,	monitoring	 the	 transition	 of	
molecular	 ions	 to	 the	 product	 ions	 for	 OLM	 (m/z)	 559.06	→	
206.08,	 HCT	 (m/z)	 296.90	 →	 53.70	 and	 IS	 (m/z)	 256.20	 →	
167.16.	The	collision	energies	were	29,	14	and	14	eV	for	OLM,	
HCT	and	IS,	respectively.	
	
2.5.	Standard	solutions	
	

Stock	standard	solutions	of	0.1	mg/mL	for	OLM,	HCT	and	
IS	 were	 prepared	 in	 methanol	 and	 stored	 at	 4	 °C.	 Further	
dilution	 of	 each	 stock	 standard	 solution	 was	 made	 using	
methanol	 to	 obtain	 the	 appropriate	 working	 standard	 solu‐
tions	which	were	also	stored	at	4	°C.	
	
2.6.	Procedures	
	
2.6.1.	Construction	of	calibration	curves	
	

Standard	 calibration	 solutions	 were	 prepared	 from	 the	
working	 standard	 solutions	 of	 each	 drug.	 These	 calibration	
solutions	of	each	drug	in	the	concentration	ranges	of	2.0‐200.0	
ng/mL	 for	 OLM	 and	 3.0‐50.0	 ng/mL	 for	 HCT.	 Each	 of	 the	
calibration	 solutions	had	a	 concentration	of	5	ng/mL	of	 IS.	A	
volume	 of	 5	 μL	 of	 each	 solution	 was	 injected	 into	 the	 LC‐
MS/MS	 system.	 For	 each	 drug,	 a	 calibration	 curve	 was	
constructed	 by	 plotting	 the	 ratios	 of	 its	 peak	 area	 to	 IS	 peak	
areas	versus	the	corresponding	concentrations.		
	
2.6.2.	Laboratory	prepared	mixtures	
	

The	working	 standard	 solutions	of	 each	of	 the	 two	drugs	
were	 mixed	 in	 different	 ratios	 to	 obtain	 binary	 solutions	 of	
OLM	and	HCT	in	the	concentration	range	of	2.0‐200.0	and	3.0‐
50.0	ng/mL,	respectively,	then	5	ng/mL	IS	was	added	in	each	
solution.	An	aliquot	of	5	μL	of	each	solution	was	injected	into	
the	LC‐MS/MS	system.	The	percentage	recoveries	were	calcu‐
lated	by	means	of	 the	corresponding	 regression	equations	or	
from	the	calibration	graphs.		
	
2.6.3.	Analysis	of	pharmaceutical	dosage	form	
	

Ten	tablets	contain	both	analysts	were	accurately	weighed	
and	finely	powdered.	An	accurate	amount	claimed	to	one	table	
was	 ultrasonicated	with	methanol	 for	 20	min	 then	 filtration.	
Complete	 the	 volume	 to	 100	 mL	 with	 methanol.	 Solutions	
containing	the	nominated	range	concentration	were	prepared	
and	 the	 procedure	 was	 continued	 as	 described	 under	 the	
procedure	 in	 Section	 2.6.1.	 The	 percentage	 recoveries	 were	
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Table	2.	Data	of	accuracy	and	precision	obtained	by	the	proposed	method	and	the	reported	ones	[3]	for	the	analysis	of	OLM	and	HCT	in	pure	form.		
Item	 OLM	 HCT 

Proposed	 Reported		 Proposed Reported	
Mean±S.D.	 100.75±0.78 99.84±0.85 99.87±0.93 100.53±0.7
%	R.S.D.	 0.77	 0.85 0.93 0.70	
n	 5	 5 5 5	
%	Error	(%	R.S.D./√n)	 0.344	 0.379 0.415 0.313	
Variance	 0.61	 0.72 0.86 0.49	
t‐test	(2.31)	*		 1.25	 0.27 	
F‐test	(5.409)	*	 1.18	 1.76 	
Intra‐day	precision	 99.93±0.85	 	 100.15±0.92	 	
Inter‐day	precision	 99.80±0.83	 100.51±1.21	
S.D.:	Standard	deviation;	%R.S.D.:	Percent	relative	standard	deviation;	Values	in	parenthesis	tabulated	values	at	p	=	0.05.	
	
	

Table	3.	Results	of	system	suitability	of	the	proposed	method.	
Compound	 RT	(min)	 Capacity	factor	(k)	 Selectivity	(α) Resolution	(Rs) Tailing	factor Theoretical	plates	 HETP
OLM	 2.28	 4.56	 ‐ ‐ 1.15 3556	 0.005
HCT	 0.73	 5.2 1.22 1.32 1.23 2250	 0.025
	
	

Table	4.	Determination	of	OLM	and	HCT	in	laboratory	prepared	mixtures	by	the	proposed	method.	
Concentration	(ng/mL)	 %	Recovery	
OLM	 HCT	 OLM	 HCT	
5	 5	 100.52 98.56 
20	 10	 99.52 100.77 
25	 15	 100.42 98.72 
30	 20	 100.18 100.03 
40	 25	 99.15 99.12 
80	 50	 99.24	 99.29	
Mean±S.D.	 99.84±0.61 99.42±0.84	
%	R.S.D.	 0.61 0.845	
Variance	 0.31 0.59	
	
	

Table	5.	Assay	of	OLM	and	HCT	in	their	combined	tablets	using	proposed	LC‐MS/MS	and	reported	methods	[11].	
Item	 %	Recovery	

Proposed	 Reported	[11]
OLM	 HCT OLM HCT	

Mean±S.D.	 100.24±0.93	 98.84±0.85	 99.60±0.83	 99.52±0.59	
%	R.S.D.	 0.93	 0.85 0.83 0.59	
Variance	 0.86	 0.72 0.69 0.35	
t‐test	(2.12)	*	 0.56	 1.1 	
F	test	(3.787)	*	 1.25	 2.06 	
*	Values	in	parentheses	are	the	tabulated	values	at	p	=	0.05	(n	=	5).	
	

	
The	results	of	 the	proposed	method	were	compared	with	

those	 obtained	 from	 reference	 methods	 [11].	 Statistical	
comparison	 between	 the	 proposed	 method	 and	 reported	
method	 of	 both	 drugs	 was	 showed	 that	 there	 was	 no	
significant	difference	in	their	accuracy	and	precision	as	shown	
by	 the	 results	 of	 student´s	 t‐test	 and	 variance	 ratio	 F‐test,	
respectively	(Table	2).	
	
3.2.4.	Precision	
	

Evaluation	 of	 the	 intra‐day	 precision	 was	 made	 by	
replicate	assay	of	 the	standard	solutions	of	 the	studied	drugs	
on	the	same	day,	while	the	 inter‐day	precision	was	evaluated	
through	 replicate	 the	 assay	 of	 standard	 solutions	 of	 the	
studied	drugs	on	three	successive	days	(Table	2).	The	value	of	
standard	 deviation	 (S.D.)	 was	 small	 what	 indicates	 that	 the	
repeatability	of	the	proposed	method	is	good.	
	
3.2.5.	System	suitability	
	

System	 suitability	 applied	 to	 confirm	 the	 suitability	 of	
chromatographic	 system	 for	 analysis	 with	 high	 agrees	 of	
accuracy	and	precision.	Following	the	USP	guidelines	[24]	and	
with	 concordance	 with	 the	 parameters	 value	 [25].	 The	
suitability	 of	method	was	 done	 by	 determination	 of	 analytes	
concentration	using	external	method	(Table	3).	
	
3.2.6.	Robustness	of	the	method	
	

The	 robustness	 of	 an	 analytical	 method	 measures	 the	
capacity	 of	 the	 method	 to	 restrain	 minute	 but	 deliberate	

changes	 in	 method	 parameters	 [26].	 Evaluation	 of	 the	
robustness	 of	 the	 proposed	 method	 was	 done	 for	 the	
chromatographic	parameters	as	well	as,	the	mass	parameters,	
e.g.	flow	rate	of	mobile	phase	(±10	μL/min),	vaporizer	tempe‐
rature	 or	 transfer	 capillary	 temperature	 (±5	 °C),	 collision	
energy	(±2	V)	and	sheath	gas	pressure	(±5	psi).The	changes	in	
theses	 parameters	 did	 not	 show	 significant	 changes	 in	 the	
values	of	peak	areas.	
	
3.3.	Application	of	the	proposed	method	
	

The	proposed	method	was	applied	for	analysis	laboratory	
mixture	of	OLM	and	HCT	in	different	proportions.	Satisfactory	
results	 were	 obtained	 and	 listed	 in	 Table	 4.	 Erastapex	 plus	
tablets	were	analysed	using	our	proposed	LC‐MS/MS	method	
to	 demonstrate	 its	 suitability	 to	 analysis	 both	 drugs	 in	 their	
pharmaceutical	 formulation	 without	 interference	 from	 the	
tablet	 additives	 and	 for	 quality	 control	 purpose.	 The	
concentration	of	each	drug	was	calculated	from	its	regression	
equation	(Table	5).	
	
3.4.	Kinetic	forced	degradation		
	

During	 storage	 of	 drugs,	 it	 affect	 by	 different	 conditions	
such	 as	 temperature,	 pH	 of	 solution,	 light,	 oxidation.	 These	
conditions	 will	 enhance	 the	 degradation	 of	 pharmaceutical	
products	 during	 storage.	 The	 cited	 drugs	 were	 subjected	 to	
acidic	(1.0	N	alcoholic	HCl)	and	alkaline	(2.0	N	alcoholic	NaOH)	
degradation.	 The	 degradation	 products	 of	 OLM	 and	 HCT	 in	
acidic	 and	 basic	 conditions	 were	 identified	 by	 LC‐MS/MS	
(Figure	3	and	4).	
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Table	6.	Summary	of	degradation	kinetic	parameters	for	pseudo‐first	order	reaction.	
Items	 AMO	 	 ASN	

Acid	 Alkaline Peroxide Acid Alkaline	 Peroxide
r2	 0.9303	 0.9225 0.9730 0.8930 0.9254	 0.9355
K	((ng/mL).min‐1)	 ‐0.0180	 ‐0.0095 ‐0.0240 ‐0.0070 ‐0.0250	 ‐0.0050
t1/2	(min)	 38.33	 72.63	 28.75 98.57 27.60	 138.00
t90	(min)	 15	 4.2	 21 5.8 11.05	 4.38	
	
	

 
	

Figure	5.	The	proposed	structures	of	the	main	degradation	products	of	OLM.	
	
	

 
	

Figure	6.	The	proposed	structures	of	the	main	degradation	products	of	HCT.
	
	
4.	Conclusion	
	

As	 conclusion,	 we	 developed	 and	 validated	 a	 new	 ULPC‐
MS/MS	method	 for	 simultaneous	 determination	 of	 OLM	 and	
HCT	 in	 pharmaceutical	 dosage	 form.	 The	 utilization	 of	 UPLC	
improves	 peak	 resolutions	 and	 separation	 in	 short	 time	 to	
save	time	and	solvents.	The	method	is	simple,	rapid,	selective	
and	sensitive.	The	proposed	method	was	suitable	 for	 routine	
analysis	 and	 quality	 control	 testing	 of	 combined	mixtures	 of	
both	 drugs	 in	 pharmaceutical	 dosage	 forms.	 The	 stability	 of	
both	 drugs	 in	 acidic	 and	 alkaline	 medium	 were	 studied	
revealed	 that	 both	 OLM	 and	 HCT	 are	 easily	 degraded	 in	 the	
tested	mediums.	Some	of	the	degradation	products	of	OLM	and	
HCT	were	identified	by	LC‐MS.		
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